A novel monothiol glutaredoxin (Grx4) from Escherichia coli can serve as a substrate for thioredoxin reductase.
Glutaredoxins are ubiquitous proteins that catalyze the reduction of disulfides via reduced glutathione (GSH). Escherichia coli has three glutaredoxins (Grx1, Grx2, and Grx3), all containing the classic dithiol active site CPYC. We report the cloning, expression, and characterization of a novel monothiol E. coli glutaredoxin, which we name glutaredoxin 4 (Grx4). The protein consists of 115 amino acids (12.7 kDa), has a monothiol (CGFS) potential active site and shows high sequence homology to the other monothiol glutaredoxins and especially to yeast Grx5. Experiments with gene knock-out techniques showed that the reading frame encoding Grx4 was essential. Grx4 was inactive as a GSH-disulfide oxidoreductase in a standard glutaredoxin assay with GSH and hydroxyethyl disulfide in a complete system with NADPH and glutathione reductase. An engineered CGFC active site mutant did not gain activity either. Grx4 in reduced form contained three thiols, and treatment with oxidized GSH resulted in glutathionylation and formation of a disulfide. Remarkably, this disulfide of Grx4 was a direct substrate for NADPH and E. coli thioredoxin reductase, whereas the mixed disulfide was reduced by Grx1. Reduced Grx4 showed the potential to transfer electrons to oxidized E. coli Grx1 and Grx3. Grx4 is highly abundant (750-2000 ng/mg of total soluble protein), as determined by a specific enzyme-link immunosorbent assay, and most likely regulated by guanosine 3',5'-tetraphosphate upon entry to stationary phase. Grx4 was highly elevated upon iron depletion, suggesting an iron-related function for the protein.